We report that the hybrid organic-inorganic compound [(CH 3 ) 2 NH 2 ][Mg(HCOO) 3 ] shows a marked dielectric transition around T t 270 K, associated to a structural phase transition from SG R c (centrosymmetric) to Cc (non-centrosymmetric). This is the highest T t reported so far for a perovskite-like formate that is thus a promising candidate to display electric order very close to room temperature.
The nanoporous metal-organic frameworks (MOFs) have been extensively studied in the past decade in view of their interesting potential applications, for example, in catalysis and gas storage. 1, 2 In addition to nanoporous MOFs, dense hybrid frameworks are receiving increasing attention as they can display a wide range of interesting functional properties. 3, 4 Among these, the prospects for MOF systems with electrical order are particularly appealing. 5 In this context, Jain et al. 6 formates experience a dielectric transition in the temperature range of 160-185 K, depending on the specific M, and DSC detects an associated phase transition that seems to be first order. 6, 9 In the first studies, such transition has been considered of paraelectric-antiferroelectric type in view of the similarities of the curve with that of other antiferroelectric materials, 10 even if more recently it has been claimed that it is associated to the appearance of improper ferroelectricity. 5c As for the origin of such transition, it has been basically associated to order/disorder of the bridging hydrogen bonds that are formed between the formate framework and the DMA cations.
6,11
From a practical point of view, the fact that in these compounds such dielectric transition takes place at low temperatures imposes important limitations for potential applications.
In this work we present another hybrid that overcomes this drawback: the perovskite formate On the other hand, single crystal X-ray diffraction data collected at 100 K revealed the presence of additional weaker spots in the precession images generated along the [h0l] direction, suggesting the formation of a superstructure and the existence of a temperature induced phase transition. Unfortunately, the low temperature single crystal structural data set could not be solved due to complex twinning of the crystal.
Most interestingly, powder X-ray diffraction (PXRD) experiments carried out at different temperatures confirmed that this compound experiences a structural phase transition as a function of temperature.
As shown in Fig. 2 , the PXRD data obtained at different temperatures clearly show that while at room temperature the only phase present is the one with R c symmetry (phase I), upon cooling a new phase II starts to develop around 270 K. From Le Bail refinements of the rest of the data, we obtained the temperature dependence of the cell parameters of phase I and phase II that is shown in Fig. 3 . Taking into account that for an order-disorder transition ΔS = R ln(N), where R is the gas constant and N is the ratio of the number of configurations in the ordered and disordered system, a value of N 1.7 is calculated for this compound. This means than the transition is more complex than that described by a simple 3-fold order-disorder model (for which N = 3 would be expected), 6a as it also occurs in the related Mn-and Co-formates, 6b,9a and in agreement with the progressive transformation observed by PXRD.
We have also measured the Raman powder spectra of this compound at 300 K and at 100 K (see ESI †, Fig. S4 3 ] as a function of temperature and frequency. Fig. 5a and b show the temperature dependence of the real part of the complex dielectric permittivity (the so-called dielectric constant, ) and the dielectric losses (tan δ). As it can be seen, experiences a wide dielectric transition between 150 and 270 K. For T < 150 K its value is low and frequency independent. Upon heating, displays a progressive but clear increase of almost one order of magnitude in the temperature interval 150-270 K, showing a strong frequency dependence, pointing to a dielectric relaxation mechanism. In addition, in this temperature interval, the loss tangent goes through a maximum that shifts to higher temperatures as the measuring frequency increases. For T > 270 K, decreases slightly as the temperature rises and is frequency independent, as expected for a paraelectric behavior.
On the other hand, and taking into account that the presence of trace amounts of water on the surface of the crystals, or even on the electrodes, could result in the appearance of artifacts in the dielectric measurements in the room temperature region 14 we have made additional studies to make sure that the observed signal really comes from the sample.
For this purpose, and to avoid misinterpreting results 15, 16 we have performed impedance complex plane (Z″ vs. Z′) analysis of the data obtained at different temperatures. A typical impedance complex plane plot for this sample in the whole temperature interval 110-350 K is shown in Fig. 6 . As it can be seen, it shows a single large arc that can be modeled by an equivalent circuit containing three elements connected in parallel: a resistance (R), a capacitance (C) that is frequency independent, and a frequency-dependent distributed element (DE). As this large arc intercepts zero and the order of magnitude of its capacitance is of pF cm −1 , it is associated with the material bulk response. 15 Taking into account that this is the only contribution present, we concluded that the observed dielectric response is purely intrinsic in the whole temperature interval. This result confirms that the observed dielectric transition is real and associated to the material's bulk response.
With all this information in hand, and as in the case of the Mn 2+ -compound, 11 we attribute the dielectric transition reported here to the dynamics of the DMA cations inside the cavities.
For T > 270 K the paraelectric behavior would be due to the rotation of the DMA cations, which can occur because at those temperatures the thermal energy is able to overcome the strength of the weak hydrogen bonds between the DMA and the Mg 2+ -formate framework. As temperature decreases, the rotation of the DMA cations progressively slows down until it finally freezes completely at low temperature. Taking into account that the shape of the curve is very similar to that of relaxors, 17 we attribute the dielectric relaxation observed to a rather progressive freezing process, that does not take place simultaneously in the whole sample, as revealed by the coexistence of phase I and phase II in this temperature interval. 3 ] compound displays a dielectric transition near room temperature, T t 270 K, the highest T t reported so far for a perovskite-like formate. This dielectric transition is associated to a structural phase transition from SG R c to Cc, the latter phase displaying the same non-centrosymmetric group, and very likely the same structure, found for the low temperature phase of the Mn-formate, 11 in which the cooperatively ordering of the DMA cations inside the cavities gives rise to a polar structure. 
